1. Introduction {#sec0005}
===============

Mammalian cells are widely used for production of therapeutic glycoproteins containing human-like glycans. Most of these are IgGs, but also we have seen an increasing interest in recombinant IgAs since this class of immunoglobulins plays a critical role in providing immunologic protection at mucosal surfaces. Dimeric Immunoglobulin A (IgA) is the most important part of the first mucosal defense against the airborne infectious diseases ([@bib0110]) and can bind, neutralize and eliminate viruses including sendai, influenza, rota, measles, and human immunodeficiency virus (HIV), as well as bacterial LPS ([@bib0030]).

Protein glycosylation is a complex post-translational modification (PTM) involving attachment of glycans at specific sites on a protein, most commonly at Asn (N-linked) or Ser/Thr (O-linked) residues ([@bib0150]). Glycosylation of therapeutic antibodies influences their stability and solubility, bioactivity and immunogenicity. Protein glycosylation also affects pharmacokinetics/pharmacodynamics properties of therapeutic glycoproteins ([@bib0060]). For example, partially glycosylated proteins, which usually contain terminal galactose, have much shorter circulatory lifetimes compared to fully glycosylated proteins with terminal sialic acid. Protein glycosylation also depends on the type of host cells and culturing conditions (media, pH, temperature, agitation) ([@bib0080]).

IgA exists as monomeric molecules in serum or as dimeric secretory IgA on mucosal surfaces. Humans and great apes have two IgA subclasses: IgA1 and IgA2, which differ in their glycosylation. IgA1 comprises approximately 85 % of total IgA concentration in serum. IgA1 contains heavily *O*-glycosylated 23 amino acids long hinge region, whereas IgA2 subclass contains only *N*-linked oligosaccharides because its shorter hinge region is devoid of O-linked glycosylation. IgA's N-glycosylation of CH2 at position 263 is as in all Ig isotypes predominantly of biantennary complex-type with α2--6-linked sialic acids. Both IgAs contains also unique C-terminal tail interacting with the J-chain and secretory component to mediate dimerization and that contains N-linked glycans at position 459 of the triantennary type, with α2--6 and α2--3 linked sialic acids Thanks to sialic acid presented in the complex N-linked glycans at position 459 of IgA's C-terminal tail, over 90 % of the N-linked glycans in IgA1 are sialylated while only about 10 % of the N-linked glycans in IgG1 contain sialic acid ([@bib0115]; [@bib0145]; [@bib0040]; [@bib0180]; [@bib0120]). Since sialic acid competes with viral receptor, IgAs antibodies neutralize virus much more potently than IgG1 ([@bib0120]). Moreover, dimeric IgA containing J-chain was more effective in inhibition of ligand binding and receptor downmodulation that monomeric form ([@bib0110]).

Many studies underscore the importance of the choice of expression system for production of glycoproteins ([@bib0065]). For example, glycoproteins produced by mammalian cell systems usually contain macro- and micro-heterogeneity in terms of glycosylation patterns ([@bib0160]). They may also contain minor non-human glycans such as N-glycolylneuraminic acid (Neu5Gc) and terminal a1−3-Galactose (a-Gal) modification ([@bib0205]). CHO cell lines usually have some limitations for culture longevity and the quality of the protein of interest: low specific growth rate and cell concentration ([@bib0070]). Also high consumption of glucose and glutamine results in such undesirable main metabolites as lactate and ammonium. These limits cause low productivity of the production process ([@bib0010]). Galactose metabolism is slower than that for glucose, allowing a reduction in lactate generation and an increase in cell viability ([@bib0005]). Reduction of the tricarboxylic acid (TCA) cycle flux without the impairment of glycolytic activity would be another possibility to increase mitochondrial NAD^+^. Glutamine is directly fed into the TCA cycle and significantly contributes to cell metabolism. Reduction of its specific uptake rate could induce lactate consumption. Therefore, glutamine depletion has been shown to have the potential to induce the lactate metabolic shift ([@bib0195]). Moreover, the effect of the different nucleotide sugar precursors (mannose, galactose, fucose, glucosamine) have been reported to have an effect on the glycosylation patterns of glycoproteins ([@bib0025]; [@bib0105]; [@bib0155]; [@bib0175]).

With respect to the above mentioned facts, the analysis, characterization and control of glycan composition of therapeutic proteins during their development and production is task of high importance and appropriate glycomics analytical tools have to be employed. Typically used techniques involve high-performance liquid chromatography (HPLC), high-performance anion-exchange chromatography (HPAEC), capillary electrophoresis (CE), mass spectrometry (MS), isoelectric focusing (IEF), and lectin-based microarray ([@bib0090]; [@bib0075]; [@bib0190]). Lectins are glycan binding proteins (GBPs) that selectively recognize glycan epitopes of free carbohydrates or glycoproteins and are used as glycoanalytical tools to probe biological targets ([@bib0055]; [@bib0095]). Lectin microarrays have been used to analyze glycan profiles of purified glycoproteins or cell surface proteins. Glycan patterns of therapeutic glycoproteins were determined by a lectin microarray using commercial lectin chip ([@bib0210]; [@bib0140]).

In this study, we used lectin-based protein microarray in reverse-phase format developed and prepared in our lab ([@bib0200]; [@bib0135]). The samples of recombinant monoclonal IgA1 therapeutic proteins were spotted onto microarray chip and glycoprofiled by incubation with the set of biotinylated lectins. The presence of N-glycan moieties was confirmed by MALDI-MS analysis.

2. Material and methods {#sec0010}
=======================

2.1. Cell culture {#sec0015}
-----------------

We used stable monoclonal cell line producing recombinant dimeric IgA1 antibodies against hemagglutinin of influenza A virus ([@bib0015]). Cell lines cultured in Iscove\'s Modified Dulbecco\'s Medium, IMDM (PanEko, Russia) supplemented with [l]{.smallcaps}-glutamine (PanEko, Russia) or succinic acid (Komponent-Reaktiv, Russia)/asparagine (Sigma, USA) (in different experiments), 0.1 % Pluronic F68 (Gibco, USA), and antibiotic-antimycotic solution (Gibco, USA) in a CO~2~ incubator at 37 °C with 96 % humidity in an atmosphere of 8 % CO~2~. Cell culture were maintained in 125 mL polycarbonate Erlenmeyer flasks (Corning, NY, USA) containing 25 mL of medium. Cells were passaged at 3 × 10^5^ cells/mL and cultured on orbital shakers agitated at 130 rpm in a humidified 37 °C incubator with 8 % CO~2~.

### 2.1.1. Experiment in batch and fed-batch mode {#sec0020}

Samples of stable cell line IgA1/2G9 were grown in batch mode in a basal medium (IMDM) supplemented with 8 mM glutamine (Sample 1), 8 mM asparagine (Sample 2) and 8 mM succinic acid (Sample 3). The cultures were terminated on Day 14. The cell cultures were seeded also in basal medium supplemented with 8 mM [l]{.smallcaps}-glutamine and 10 mM [d]{.smallcaps}-(+)-glucose for fed-batch experiments. On Day 5, when glucose was probably depleted in the cultures, alternative sources of sugars were added to shaker flasks in 10 mM final concentration: [d]{.smallcaps}-(+)-glucose (Sample 4), [d]{.smallcaps}-(+)-galactose (Sample 5) and [d]{.smallcaps}-(+)-mannose (Sample 6), all from Sigma-Aldrich, USA. The feeding was started on Day 5 and continued on Days 7 and 10. Samples of cell cultures (both batch and fed-batch modes) were taken: on Days 10 and 14, centrifuged and the supernatant was collected for further productivity analysis (ELISA) and LDH assay; on Days 7, 10 and 14 for viable cells density measurement (cell concentration); and on Day 14 for glycan analysis (lectin-based microarray and MS) measurements.

2.2. Determination of cell concentration {#sec0025}
----------------------------------------

Cell concentration was performed using the Trypan-blue dye exclusion method with a hemocytometer counting chamber and inverted microscope. Total cell density was calculated using the following Eq. [(1)](#eq0005){ref-type="disp-formula"} ([@bib0020]),

where, TCD is the total cell density (cell/mL), N is the total number of cells counted in 15 squares of Goryaev chamber.

2.3. ELISA assay {#sec0030}
----------------

The concentration of secreted mAbs in the samples of culture supernatant after centrifugation was measured using ELISA. The level of IgA1 expression in the cell culture was determined using sandwich ELISA. Mouse mAbs against light kappa-type chains of human Igs (Bialexa, Russia) were added to wells of a 96-well plate at a concentration of 0.5 μg/well. In the analysis, we used α-chain-specific anti-human IgA antibodies conjugated to horseradish peroxidase (Sigma). IgA from human serum (Sigma) was used as the standard. The absorbance of samples at 450 nm was measured in each well using the ELISA microplate reader BioRad-680.

2.4. Determination of LDH enzyme activity {#sec0035}
-----------------------------------------

Samples were centrifuged, and the supernatant was collected for further LDH assay. Lactate as the metabolite of anaerobic glycolysis in the samples of culture supernatant after centrifugation was measured indirectly *via* activity of lactate dehydrogenase (LDH). The release of LDH was measured using a commercially available LDH assay kit (Lactate Dehydrogenase Activity Assay Kit, Sigma). NADH used as control. The intensity of color produced was then measured colorimetrically at a wavelength of 450 nm using a spectrophotometer. The LDH activity of samples was determined using the following Eq. [(2)](#eq0010){ref-type="disp-formula"} ([@bib0170]),

where, B is the amount (nmol) of NADH generated (T~initial~ - T~final~).

2.5. Purification and lyophilization of samples {#sec0040}
-----------------------------------------------

IgA1 was purified from the supernatant of cell culture with HiTrap KappaSelect (GE Healthcare, USA). The purified samples were analysed in gel-electrophoresis by 4--11 % SDS-PAGE under reducing and non-reducing conditions. The concentration of purified IgA1 was measured by Implen NanoPhotometer™ (Implen GmbH, Germany). Purified samples were dialysed in MQ-H~2~O (MQ Millipore, USA) and concentrated by Pierce Protein Concentrator, PES, 30 K MWCO (Thermo Sci., USA). Concentrated samples of mAbs were lyophilized using vacuum freeze dryer VirTis (Labconco, USA) and used for further glycan analyses.

2.6. Lectin-based microarray analysis {#sec0045}
-------------------------------------

Lyophilized samples of IgA1 were dissolved in PBS (0.1 mg/mL), transferred into source microtiter plate and spotted to the epoxy microarray slides (NEXTERION Slide E, Schott, Germany) in pentaplicates (1.2 nL per spot) using a non-contact piezoelectric sciFLEXARRAYER S1 microarray spotter and piezo dispense capillary PDC 80 (Scienion AG, Berlin, Germany) at the temperature of source plate of 11 °C and humidity of 50 %. The printing was performed into 16 identical subarrays and the slides was incubated at 4 °C for 2 h. Unreacted epoxy groups were blocked with a solution of 3 % BSA in PBS for 1 h at room temperature. After washing the slides with PBS containing 0.1 % Tween-20 (PBST), 16 biotinylated lectins ([Table 1](#tbl0005){ref-type="table"} ) from Vector, Burlingame, USA (except PhoSL which was a kind gift from Dr. Yuka Kobayashi, J-Oil Mills, Inc., Japan) at concentrations of 25 μg/mL in PBST were loaded into 16 subarrays for 1 h at room temperature. The slides were washed again with PBST and streptavidin conjugated with a fluorescent dye CF647 (Biotium, Hayward, USA, 0,5 μg/mL in PBST) was loaded into 16 subarrays for 15 min at room temperature. The slides were thoroughly washed with PBST and distilled water and the residual water was removed by centrifugation. Fluorescent signals were detected using InnoScan®710 fluorescent microarray scanner (Innopsys, Carbonne, France) at the wavelength of 635 nm. The signals were analysed by Mapix® 5.5.0 software (Innopsys). The fluorescence of each spot was measured and corrected for the background signal and the intensity of the specific interaction was expressed in arbitrary fluorescence units (AU).Table 1Lectins used in lectin-based microarray analysis and their key sugar specificity.Table 1Lectin\
(*source*)Key sugar specificitySNA\
(*Sambucus nigra*)![](fx1_lrg.gif)Siaα2−6 Gal/GalNAcConA\
(*Canavalia ensiformis*)![](fx2_lrg.gif)Manα1−6Man, Manα1−3Man, Manα1−2Man, high mannoseMAL-I\
(*Maackia amurensis*)![](fx3_lrg.gif)Siaα2−3Galβ1−4GlcNAcMAL-II\
(*Maackia amurensis*)![](fx4_lrg.gif)Siaα2−3Galβ1−3(±Siaα2−6)GalNAcPHA-E\
(*Phaseolus vulgaris*)![](fx5_lrg.gif)di-/triantennary complex type N-glycans with bisecting GlcNAcPHA-L\
(*Phaseolus vulgaris*)![](fx6_lrg.gif)tri-/tetraantennary complex type N-glycans with GlcNAcβ1−6ManWGA\
(*Triticum vulgaris*)![](fx7_lrg.gif)GlcNAcβ1−4GlcNAc, SiaRCA\
(*Ricinus communis*)![](fx8_lrg.gif)Galβ1−4GlcNAc, GalNAc, GalAAL\
(*Aleuria aurantia*)![](fx9_lrg.gif)Fucα1−6GlcNAc, Fucα1−3(Galβ1−4)GlcNAcPhoSL\
(*Pholiota squarrosa*)![](fx10_lrg.gif)Fucα1−6GlcNAcGNL\
(*Galanthus nivalis*)![](fx11_lrg.gif)Manα1−3Man, high mannose type N-glycansGSL-I\
(*Griffonia simplicifolia*)![](fx12_lrg.gif)Gal, GalNAcPNA\
(*Arachis hypogaea*)![](fx13_lrg.gif)Galβ1−3GalNAcHHL\
(*Hippeastrum hybrid*)![](fx14_lrg.gif)Manα1−3Man, Manα1−6Man, high mannose type N-glycansNPL\
(*Narcissus pseudonarcissus*)![](fx15_lrg.gif)Manα1−6Man, high mannose type N-glycansLCA\
(*Lens culinaris*)![](fx16_lrg.gif)αMan in N-glycans with core fucose, αMan in N-glycansSymbolic representation of monosaccharides\
![](fx17_lrg.gif) - Mannose (Man); ![](fx18_lrg.gif) - Galactose (Gal); - N-Acetylglucosamine (GlcNAc); ![](fx19_lrg.gif)![](fx20_lrg.gif) - N-Acetylgalactosamine (GalNAc); ![](fx21_lrg.gif) - Fucose (Fuc); ![](fx22_lrg.gif)\
- N-Acetylneuraminic acid (Neu5Ac, Sia).

2.7. MALDI-MS analysis of N-glycans {#sec0050}
-----------------------------------

10 μL of lyophilized IgA1 samples was premixed with 40 μL of 10 mM Tris pH 7.5 + 0.1 % SDS buffer. The proteins were alkylated and reduced with 10 mM dithiothreitol (DTT) and 25 mM iodoacetamide (IAA) prior to the addition of 1 U of peptide*-N-*glycosidase (PNG-ase F; Roche Diagnostics GmbH, DE). After the overnight incubation at 37 °C, the released N-glycans were isolated by Supelclean ENVI-Carb SPE (Supelco/Sigma Aldrich, PA, USA), lyophilized and further subjected to permethylation to increase the signal intensities and to avoid the typical adduct and fragment formation in the spectra ([@bib0130]). Briefly, 150 μL of homogenous mixture of NaOH in DMSO was added to the samples and the reaction was initiated by the addition of 150 μL iodomethane. After the rigorous mixing for 40 min at room temperature, the reaction was terminated by the addition of ice-cold water. Afterwards, the permethylated N-glycans were extracted to chloroform, dried and further dissolved in 50 % methanol. Samples were analyzed in reflectron positive ion mode by the UltrafleXtreme MALDI mass spectrometer equipped with the 1000 Hz Smartbeam™-II laser (Bruker Daltonics, MA, USA) with the addition of 20 mg/mL DHB in 30 % ACN + 0.1 % TFA +1 mM NaOH as the matrix solution. Every N-glycan structure was confirmed by the MS/MS (LIFT) analysis and the spectra were interpreted by the ProteinScape (Bruker Daltonics, MA, USA) or GlycoWork Bench ([@bib0035]) softwares.

3. Results and discussion {#sec0055}
=========================

3.1. Impact of the succinic acid and asparagine on lactate level, cell concentration, and productivity of the IgA1/2G9 stable cell line {#sec0060}
---------------------------------------------------------------------------------------------------------------------------------------

In the first part of this work, the impact of succinic acid or asparagine supplementation on productivity and lactate level of IgA1/2G9 stable cell line was studied. Lactate production is crucial for metabolism of cultured mammalian cells. Lactate is strongly produced during the exponential growth phase. IgA1 producing stable cell line was grown in batch and fed-batch cultures consisting of different media supplements and feedings. The cell culture typically demonstrates low productivity on the log phase (up to 6--8 days) when the cells proliferate exponentially and consume the nutrients in the growth medium. Therefore, we started to measure IgA1 concentration and LDH activity from Day 10. Results shown on [Fig. 1](#fig0005){ref-type="fig"} demonstrate influence of supplementation with succinic acid or asparagine in IMDM on cell concentration and productivity. IMDM supplemented with 8 mM [l]{.smallcaps}-glutamine was used as control. [l]{.smallcaps}-glutamin is a crucial component of culture media. It supports the growth of cells and is therefore used in wide range of serum-free and classical media as source for rapid cells dividing. The concentration of cells grown on basal medium supplemented with 8 mM succinic acid was higher compared to both control and 8 mM asparagine on Days 10 and 14 ([Fig. 1](#fig0005){ref-type="fig"}A). As shown on [Fig. 1](#fig0005){ref-type="fig"}B, comparison of productivity for cell line grown on IMDM supplemented with different additives demonstrated that on Day 14 the productivity of the culture supplemented with succinic acid was higher compared to the both control and asparagine. Interestingly, data of productivity for both succinic acid and asparagine was equal on Day 10. In the case of lactate concentration ([Fig. 1](#fig0005){ref-type="fig"}C), use of succinic acid supplementation led to slightly lower lactate level on Day 10 compared to glutamine and asparagine. On Day 14, lactate level was 1.5 and 2.0 times lower for asparagine and succinic acid supplements, respectively, than for glutamine.Fig. 1Effect of glutamine, succinic acid and asparagine on the cell concentration (A), IgA1 production (B) and lactate level (C). Cell culture was grown on IMDM medium with different supplements: 1 -- IMDM +8 mM glutamine (control); 2 -- IMDM +8 mM asparagine; 3 - IMDM +8 mM succinic acid.Fig. 1

3.2. Impact of the mannose, galactose and glucose on the lactate level and productivity of the IgA1/2G9 stable cell line {#sec0065}
------------------------------------------------------------------------------------------------------------------------

To compare the feeding effect of mannose, galactose and glucose on glycosylation patterns of dimeric forms of IgA1 produced by CHODG44 cells, a fed-batch experiment was carried out. Supplements of [d]{.smallcaps}-(+)-glucose (usual feeding component for fed-batch cultures), [d]{.smallcaps}-(+)-mannose and [d]{.smallcaps}-(+)- galactose were added to each flask in 10 mM final concentration on Days 5 and 7. A control cell culture was grown on basal medium without any feeding. [Fig. 2](#fig0010){ref-type="fig"} A shows that cell culture samples fed with glucose, mannose or galactose reached their maximum of cell density between 3,0--3,2 × 10^6^ cell/mL, what is around 1.5 times higher than control on Day 7. However, the sample fed with glucose demonstrated a slightly higher cell density compared to control on Days 10. In contrast, the samples fed with galactose and mannose showed the cell concentration 1.4 and 1.6 times higher, respectively, compared to control on Day 10. On Day 14, the cell concentration was the highest for feeding with mannose and the lowest again for control. [Fig. 2](#fig0010){ref-type="fig"}B shows that the level of dimeric IgA1 production on Day 14 was the highest for the cell culture fed with mannose, lower for cell cultures grown with glucose and galactose and the lowest for control. The productivity and cell concentration data correlate with lactate level production. Cell cultures fed with glucose and galactose had a higher lactate level than samples fed with mannose. The lactate level production on Day 14 was similar in cultures with glucose and galactose ranging between 5.3--5.8 milliunits/mL. Results presented in [Fig. 2](#fig0010){ref-type="fig"}C demonstrate that the use of mannose instead of glucose during the fed stage caused the decrease in lactate level twice on Day 14. The fed-batch cell culture grown on the basal medium with glucose or galactose feeding exhibited a typical lactate production way, whereas feeding of cell culture with mannose probably changed the metabolic way reducing lactate level in culture. Culture fed with mannose exhibited a lactate shift from lactate production to lactate consumption. Using of asparagine or succinic acid as basal media supplements also changed metabolism of cells. Such shifting of metabolic pathway could influence the structure of IgA1 glycans.Fig. 2Effects of different carbon sources on the cell concentration (A), IgA1 production (B) and lactate level (C). Cell culture was grown on IMDM medium with different feeding supplements.Fig. 2

3.3. Analysis of glycan profile of IgA1/2G9 stable cell line {#sec0070}
------------------------------------------------------------

For the glycoprofiling of IgA1/2G9 stable cell lines produced at different conditions, two analytical methods were employed. The lectin-based protein microarray allowed screening of biologically available glycans on the surface of IgA1 and comparison of content of certain type of glycan motifs between samples of IgA1 produced at different conditions. MALDI-MS was used for identification of N-glycan structures presented in these samples.

[Fig. 3](#fig0015){ref-type="fig"} shows normalized signals of interactions of IgA1/2G9 samples with lectins measured by lectin-based protein microarray. The signals for PNA are not included (SNR \< 3). Significant differences for normalized signals of lectin-based microarray analysis between signal of individual sample and average signal for all samples regarding particular lectin were found for some samples and some lectins: for SNA, decreased signal for Sample 1 and increased for Sample 6; for WGA, increased for Samples 1 and 2 and decreased for Sample 6; for RCA, increased for Sample 6; for GNL, increased for Samples 2 and 4 and decreased for Samples 3, 5 and 6; for GSL, increased for Samples 2 and 6 and decreased for Sample 3; for HHL, increased for Samples 2 and 4 and decreased for Sample 6; for DFL, increased for Samples 2 and 4 and decreased for Samples 5 and 6;and for LCA, increased for Sample 2. The important point is that in the lectin-based microarray analysis are not detected all glycan structures presented in the glycoprotein sample, but just "biologically available" ones what means those which are accessible to the lectins. This is a difference from MALDI-MS, where all N-glycans presented in the sample are detected since they are enzymatically released prior to the MS analysis. In [Fig. 4](#fig0020){ref-type="fig"} are shown MALDI TOF spectra of N-glycans released from Samples 1−6. Details on the intensity values are shown in the Table S1 in the Supplementary File. Although MALDI mass spectrometry is not quantitative method, remarkable signals of high mannose N-glycans observed in Samples 2 and 4 (while these structures were absent or represented by signals with intensities close to signal-to-noise threshold in the Samples 1, 3, 5 and 6) indicate significantly higher content of high mannose N-glycan structures in Samples 2 and 4 what is in accordance with lectin-based microarray analysis, specifically regarding signals of lectins GNL, HHL and DFL. Various complex N-glycans, usual for immunoglobulins, were observed in all samples without any significant differences in their signal intensities.Fig. 3Normalized signals of interactions of IgA1/2G9 samples with lectins measured by lectin-based protein microarray.Fig. 3Fig. 4Reflectron positive MALDI TOF spectra (m/z 1500 - 2900) of released N-glycans, with representative N-glycan structures found in the samples. Data of intensity values are in the Table S1 in the Supplementary File.Fig. 4

The recombinant monoclonal antibodies produced by CHO cell lines are generally fucosylated and hypogalactosylated, relative to normal human IgG ([@bib0085]). It was reported that CHO fed-batch culture producing IFN-γ using glutamine and glucose supplementation facilitate the decrease in sialylation profiles and an increase in the hybrid and high mannose type glycans ([@bib0175]). In contrast, cell culture expressing human IgG-Il2 protein demonstrated no difference in glycan profiles for media cultivation with low glucose and glutamine concentrations ([@bib0045]). It was reported that asparagine and glutamine are significant nitrogen and energy sources. Specifically, glutamine and asparagine are mutually related to each other not only in transportation but also in metabolism ([@bib0100]; [@bib0185]).

In our study we used glutamine, asparagine and succinic acid as media supplementation for cultivation of cell line that produced dimeric IgA1. The supplementation with glutamine without feeding sugars (Sample 1) led to the decrease in sialylation profile (based on signal intensities for interaction with lectin SNA) and increase of accessible GlcNac (WGA). The metabolic shift from glutamine to asparagine could change forms of glycans to hybrid and high mannose type as we observed in Sample 2. The same change in glycan forms, increased high-mannosylation, was observed for the sample supplemented with glutamine and fed with glucose (Sample 4). Increased high-mannose in Samples 2 and 4 was confirmed by both techniques, lectin-based microarray and MALDI-MS as mentioned above. It was suggested that increased high mannose IgG glycosylation produced in CHO was possibly related to osmolality and Golgi/ER pH and increasing productivity ([@bib0125]). Reported was also assumption that high mannose glycosylation during antibody production have multiple mechanisms but the question of why certain clones produce IgG with higher mannose than other clones even with identical culture conditions remains unclear ([@bib0155]). It was demonstrated that mannose is a good carbon source for CHO cell growth and immunoglobulin production, readily entering both glycolysis and the TCA Cycle. Usually, proteins produced in CHO cells grown with mannose demonstrate a high increase in total high mannose glycosylation in recombinant IgG, with no effect on cell growth, viability, or titer ([@bib0215]). In contrast, in our study we found an increase in cell viability, productivity and absent of high mannose glycans for cell line produced dimeric form of recombinant IgA1 grown with mannose. Such difference is probably associated with specificity of mannose metabolism for dimeric IgA.

In Sample 2 we detected also higher level of GlcNac (WGA) and Gal forms (GSL). In Sample 3, supplemented with succinic acid, was on the contrary decreased level of accessible Gal structures (GSL). Supplementation with glutamine and feeding with mannose (Sample 6) led to increase of both sialylation (SNA) and galactosylation (GSL, RCA) and decrease of GlcNac structures (WGA) available for interaction with lectin. It is known that the level of antennarity and sialylation depends on cell culture conditions ([@bib0080]) but a disclosure of exact mechanism of these processes will require deeper targeted studies.

4. Conclusions {#sec0075}
==============

Therapeutic proteins, dimeric IgA1, were produced by stable cell line IgA1/2G9 on the basal medium at different conditions (different supplementation and feeding). Evaluation of the effect of different conditions on lactate production correlating with IgA productivity reveals lactate metabolism shift in the absence of such main carbon source as glutamine and in the presence of succinic acid or asparagine. A correlation between low lactate level and mannose feeding was found as well. The main aim of this work was to employ high-throughput lectin-based microarray assay for determination of changes in glycan composition of therapeutic proteins and correlation with N-glycan analysis by MALDI-MS. We observed that metabolic shift from glutamine to asparagine changed increase of hybrid and high mannose glycan forms. Supplement of succinic acid led to reduced galactosylation and supplement of glutamine and feeding with mannose led to increase of both sialylation and galactosylation. The explanation of determined changes needs further investigation. Glycan analysis was based mostly on lectin-based microarray assay since MALDI-MS doesn't allow reliable quantification, however, MALDI-MS confirmed presence of N-glycan structures in accordance with results of lectin-based microarray analysis in the case of all samples. The developed lectin-based microarray platform represents effective tool for the screening and evaluation of glycosylation pattern of IgAs and other therapeutic proteins as well and for the determination of changes in their glycan profile. Moreover, this topic is currently important because of COVID-19 pandemic. Therapeutic IgAs are effective in defense against viruses that use sialic acid as a receptor. Although the binding of SARS-CoV to sialic acids has not been reported so far, if SARS-CoV-2 like other coronaviruses targets sialic acids ([@bib0165]; [@bib0050]), this interaction could be used as therapeutic target, and it is glycan composition of IgA that has a major impact on antiviral activity of this class of therapeutic antibodies.
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